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Rece1vcd 10 Fe6ruary 1988: rcv15ed manu5cr1pt rece1ved 30 May 1989 
7he neutr0n and pr0t0n 4uadrup01e c0re p01ar12at10n char9e5 are eva1uated fr0m the c0mpar150n f09, -~2 + 4uadrup01e tran- 
51t10n matr1x e1ement5 mea5ured 6y 1ne1a5t1c 5 atter1n9 0f d1fferent 1nc1dent pr06e5 0n M0, Pd, Cd, Nd, 5m, 6d and Dy 150t0pe5. 
7he re5u1t1n9 va1ue5, and 1n part1cu1ar th05e 06ta1ned 1n the framew0rk 0fthe 1nteract1n9 6050n m0de1, are d15cu55ed w1th 5pec1a1 
attent10n t0the eva1uat10n fthe 5tren9th 0f10w-1y1n9 m1xed-5ymmetry 5tate5. 
7he eva1uat10n 0f effect1ve c0re p01ar12at10n 
char9e5 15 a 10n9 5tand1n9 pr061em 1n nuc1ear m0de1 
ca1cu1at10n5. At pre5ent they are 0f part1cu1ar 1ntere5t 
f0r the pred1ct10n 0f a new c1a55 0f 10w-1y1n9 5tate5, 
wh1ch are de5cr16ed a5 150vect0r (7-vect0r)  5tate5 1n 
9e0metr1ca1 m0de15 [1] 0r a5 F-5p1n-vect0r 5tate5, 
w1th a m1xed neutr0n-pr0t0n 5ymmetry, 1n the 1nter- 
act1n9 6050n m0de1 (18A) [2]. A 10w-1y1n9 1 + 1n 
t ~(~6d wa5 the f1r5t 5tate 0f th15 k1nd t0 6e 065erved 
[ 3 ]. A num6er 0f 5tud1e5 ha5 6een dev0ted t0 the 
5earch f0r 2 + m1xed-5ymmetry 5tate5 (2,,~) [4-6] .  
7he pred1cted 5tren9th and thu5 the p05516111ty 0f06- 
5erv1n9 the 2, + 5tate5 depend5 5tr0n91y up0n the ef- 
fect1ve char9e5 wh1ch acc0unt f0r the truncat10n 1n 
the m0de1 5pace. 1n fact the 1nten51ty 0f e1ectr0ma9- 
net1c tran51t10n5 and the va1ue5 0f the 1ne1a5t1c cr055 
5ect10n5 f0r hadr0n1c pr06e5 are pr0p0rt10na1 t0 the 
54uare 0f the d1fference 0f pr0t0n and neutr0n effec- 
t1ve char9e5. 
Recent1y we have 06ta1ned ev1dence [7] f0r the 
ex15tence 0f 7(F) -vect0r  5tate51n ~04,t ~0pd and t 12Cd, 
6ut n0t 1n t46A5°Nd 0r 15(~5m. Further mea5urement5, 
the ana1y515 0f wh1ch 15 5t111 n pr09re55, 5eem t0 c0n- 
f1rm th15 re5u1t. 7he 1ack 0f detect10n 0f 2m + 5tate5 1n 
the A = 150 ma55 re910n, c0u1d 6e due t0 a 1ar9e fra9- 
mentat10n 0f the 5tren9th 0r t0 a 5tr0n9 m1x1n9 w1th 
5ca1ar c0mp0nent5, 6ut a150 t0 the effect1ve char9e 
va1ue5.7he a1m 0f th15 1etter 15 t0 pre5ent new 1nf0r- 
mat10n 0n effect1ve char9e5 f0r M0, Pd, Cd, Nd, 5m, 
6d  and Dy nuc1e1. 7he va1ue5 we 06ta1ned 0ffer a 
c0nv1nc1n9 exp1anat10n f0r the re5u1t5 rep0rted 1n ref. 
[7]. 
7he matr1x e1ement M(E2)  ~ ~, wh1ch de5cr16e5 
the exc1tat10n 0f the f1r5t 2 + 5tate 6y the 1ne1a5t1c 
5catter1n9 0fan/-pr06e,  15 re1ated t0 the pr0t0n (neu- 
tr0n) matr1x e1ement5, M0~n ), thr0u9h the n0rma1- 
12ed (6~ 1~ +6{/~= 1) 1nteract10n 5tren9th5 0f the 
pr06e w1th tar9et neutr0n5 and pr0t0n5: M(E2)~1~J~ 
- h (~ ~ ~t 4- h (~ Mn. At 1ea5t a pa1r 0f pr06e5 15 needed 
t0 determ1ne Mp and Mn. 7he accuracy 06ta1ned w1th 
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d1fferent pa1r5 ha5 6een e5t1mated 6y 8ern5te1n, 
8r0wn and Mad5en [8].  7he  6e5t accuracy 15 06- 
ta1ned w1th the pa1r5 [7t-, n+ ] and [p, em] ;  a 10wer 
accuracy w1th the pa1r [d, em] .  Here r~, p, d and em 
refer t0 p10n5, 10w ener9y pr0t0n5, deuter0n5 and 
e1ectr0ma9net1c exc1tat10n5, re5pect1ve1y. 7he  M0 
va1ue5 are c0mp1ete1y determ1ned 6y e1ectr0ma9net1c 
tran51t10n5, 1nce ,~(~) 1 and h (~m) =0.7he  va1ue5 ~p ~ ~n 
91ven 1n c01umn 3 0fta61e 1 have 6een der1ved fr0m 
the ad0pted va1ue5 0f  tran51t10n pr06a6111t1e5, 8 (E2),  
91ven 6y Raman et a1, [9],  7he  M (p,v~ and M (~a~> 
va1ue5 (c01umn5 4 and 5) have 6een 06ta1ned 1n part 
fr0m an ana1y515 0f  p and d 5catter1n9 exper1ment5, 
at the 1nc1dent ener91e5 0f  30,6 and 50.8 MeV, re- 
5pect1ve1y, carr1ed 0ut 1n the pre5ent 5tudy at the KV1 
cyc10tr0n 1n 6r0n1n9en and 1n part fr0m 0ur pre- 
v10u5 exper1ment5 [ 7,10] 0r fr0m data ava11a61e 1n 
the 11terature [ 1 1-19 ]. 7he  va1ue5 91ven 1n ta61e 1 
are L = 2 rad1a1 m0ment5 0f the rea1 part 0f  the tran- 
51t10n p0tent1a15 u5ed 1n f1tt1n9 the d1fferent1a1 cr055 
5ect10n5 6y c0up1ed channe1 ca1cu1at10n5. 7he  c0u- 
p11n95 we c0n51dered were th05e 6etween the 0~,, 2 + , 
0 + , 2 + , and 4 + 5tate5, 1n the ca5e 0f  v16rat10na1 0r 
tran51t10na1 nuc1e1, and 6etween the 09 +, 2~- and 4•- 
5tate5, 1n the ca5e 0f  r0tat10na1 nuc1e1. Where nece5- 
5ary the pu6115hed ata have 6een reana1y5ed t0 c0n- 
f0rm w1th the pre5ent ana1y515. 7he  M~ va1ue5 have 
6een der1ved fr0m the pa1r5 [p, em] and [d, em] ,  
7a61e 1 
8050n num6er5 and 4uadrup01e matr1x e1ement5 1nefm 2 un1t5.7he num6er5 1n parenthe5e5 are exper1menta1 err0r5.7he num6er5 after 
the parenthe5e5 1nc01umn5 3and 6 are va1ue5 ca1cu1ated w1th the c0re p01ar12at10n char9e5 06ta1ned 1n the pre5ent w0rk (pw 1n the fa5t 
c01umn ).
Nuc1eu5 N~-A~ Mp M (0~p) M (a~) M,, Ref. 
94M0 1-1 45.1 (0.5)49. 
"6M0 1-2 52.1 (0.5) 53. 
9~M0 1-3 51.7(0.5)58. 
m°M0 2-4 71.8(0.7)75. 
1(•2RU 3-4 80.8( 1.0)88. 
~°4Pd 2-4 73.1 (2.4)75. 
t°6Pd 2-5 81.0(2.2)79. 
J°5Pd 2-6 87.2(2.3)82. 
~Pd 2-7 93.3 (2.1)85. 
m~Cd 1-4 64,0( 1.6 )62. 
~°5Cd 1-5 65.6( 1.5)66. 
t">Cd 1-6 67.1 ( 1.5)69. 
~]2Cd 1-7 71.4( 1.4)37. 
]~4Cd 1-8 74.2( 1.3)76. 
~Cd 1-7 74.8( 1.3)73. 
)~2Nd 5-0 52.0(0.8) - 
H4Nd 5-1 74.2(2.0)75. 
146Nd 5-2 87.2(1.7) - 
14~Nd 5-3 118. (2.)120. 
~5°Nd 5-4 165. (1.)159. 
1445m 6--0 51,6 (0.8) - 
~4~5m 6-2 84.9( 1.8)83. 
~5°5m 6-3 116. (2.) 
~5-~5m 6-4 185. (2.)182. 
1545m 6-5 208. (1.)191. 
~>46d 7-4 196. (2.)204. 
)566d 7-5 215. (1.)213. 
J5~6d 7-6 224. (1.)222. 
]~°6d 7-7 229. (2.)229. 
~<Dy 8-7 230. (3.)253. 
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avera91n9 0ver d1fferent exper1ment5 and a55um1n9, 
a5 u5ua1 at 10w 1nc1dent ener91e5 [8], 6~p ~ =0.25, 
6~ ~ =0.75 and 6~ d~ =6[f  ~ =0.5. 
7he Mp(n) matr1x e1ement5 are 11nked t0 the va- 
1ence part1c1e matr1x e1ement5, Q=~,,~, thr0u9h the ef- 
fect1ve char9e5: Mp=e,~=Q~+6,,Q,. and M,,=e,,~Q,, 
+ e,.~Q~. 7he f1r5t and 5ec0nd 1etter51n the 5u65cr1pt5 
0f1he effect1ve char9e5 1nd1cate re5pect1ve1y the c0re 
and va1ence part1c1e5 (nuc1e0n5 0r 6050n5). A d1ff1- 
cu1ty 1n determ1n1n9 emp1r1ca11y the effect1ve char9e5 
ar15e5 fr0m the fact that f0ur char9e5 mu5t 6e der1ved 
fr0m 0n1y tw0 065erva61e5: Mp and M,~. 8ecau5e 0f 
the char9e 5ymmetry 0f nuc1ear f0rce5 0ne 5h0u1d 
have 6==ev,. and 6,.=e~=. H0wever, a5 ar9ued 6y 
6r0wn and Mad5en [20], the effect1ve char9e5 f0r 
c0re neutr0n5 can 6e 9reater than th05e f0r c0re pr0- 
t0n5.7h15 effect, ma1n1y due t0 the neutr0n exce55, 
mu5t 6e taken 1nt0 acc0unt 1n the ca5e 0f nuc1e1 w1th 
d1fferent pr0t0n and neutr0n c0re5. 7he5e c0n51der- 
at10n5 5h0u1d h01d a150 f0r the 6050n effect1ve char9e5 
0f 18A ca1cu1at10n5. 1n c0nf0rm1ty w1th the m0de15 
0f re1". [ 20 ], 0ne can wr1te the a60ve f0ur char9e5 1n 
term5 0f tw0 char9e5 and 0f an add1t10na1 parameter, 
wh1ch 91ve5 the dependence 0n the neutr0n exce55: 
6~=ep-a~,  e ..... e,,+a~, e~,.=e,,-3a~ and 
e,,~=6+3a~, where ~ 5tand5 f0r (N -2) /A .  A va1ue 
0f a~-en/4 15 pred1cted 6y the n0-parameter 5che- 
mat1c m0de1 [20 ]. 7he ana1y515 de5cr16ed 6e10w ha5 
6een repeated f0r d1fferent va1ue5 0f a. 7he re5u1t5 
06ta1ned ju5t1fy the d15re9ard 0fthe a~ term5 and, at 
1ea5t f0r the nuc1e1 here c0n51dered, the a55umpt10n5 
ep = e=~ -= ew and e,, = 6v = ev=. 
Re1at10n5 6etween the effect1ve char9e5 0f d1ffer- 
ent m0de15 can 6e e5ta6115hed. 7h05e 6etween nu- 
c1e0n- and 6050n-effect1ve char9e5 have 6een, f0r 1n- 
5tance, recent1y d15cu55ed [21]. 7he Q~,.~ matr1x 
e1ement5 are eva1uated 1n the framew0rk 0f 5pec1f1c 
m0de15; 1n the 18A the Q~ and theref0re the Mp(n) 
va1ue5 can 6e expre55ed 1n a very 51mp1e way 1n term5 
0f the 6050n num6er5: 
Mp =f(N6)(epN~+e,,N,,) , 
M, =f (N6) (6N~+epNv) ,  (1) 
where N~, A~ and Nh are the pr0t0n, neutr0n and t0ta1 
num6er 0fva1ence 6050n5 (N6=A~+N,) .  7he func- 
t10nf(N6) chan9e5 w1th the dynam1ca1 5ymmetry 0f 
the nuc1eu5 [2,4,22], and 15 91ven 6y (5/Nt,) ~/2 1n 
the U(5 ) (v16rat10na111m1t), [ (N6+4)/N6] ~/2 1n the 
0 (6) (9amma-un5ta61e r0t0r 11m1t) and [ (2N6 + 3 ) / 
N6] ~/e 1n the 5U(3)  (def0rmed r0t0r 11m1t). F0r 
tran51t10na1 nuc1e1 a rea115t1c eva1uat10n 0f the f(Nt,) 
va1ue may 6e d1ff1cu1t. 70 0verc0me th15 d1ff1cu1ty, 
the rat10 e./e,,, wh1ch d0e5 n0t depend 0nf(N6) ,  can 
6e c0n51dered [ 8,22-24 ]: 
en • Mp N,, -- A1, N~ (2) 
ep MnN,.--M,,N,~ "
7he rat105 5h0wn 1n f19. 1 have 6een 06ta1ned u51n9 
th15 re1at10n and the data 1n ta61e 1.7he pr0t0n C105ed 
5he11, a55Umed t0 eva1uate the N=, wa5 2= 50 f0r a11 
A ~ 100 ma55 nUC1e1, except f0r the M0 150t0pe5. 1n 
prev10u5 18A m0de1 5tUd1e5 [25,26 ] a 900d de5cr1p- 
t10n 0f the 5tructure 0f M0 150t0pe5 wa5 06ta1ned a5- 
5um1n9 a m1xture 0f N~= 1, 3 c0nf19urat10n5, H0w- 
ever, the N~=1 c0nf19urat10n (5he11 c105ure at 
2= 40), 15 d0m1nant 1n the 9r0und 5tate 6and except 
1n the ca5e 0f t°°M0, F0r th15 nuc1eu5, t0 av01d the 
u5e 0f a c0nf19urat10n m1x1n9, an N~ = 2 ha5 6een a5- 
5umed. 7h15 ch01ce 51mu1ate5 the re5u1t5 0f the ana1- 
y515 0f 5am6atar0 and M01nar [25] and 15 1n a9ree- 
ment w1th the re5u1t5 0f Ca5ten 5y5temat1c5 [ 27 ]. 1n 
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F19. 1. Rat105 0f neutr0n t0 pr0t0n 4uadrup01e effect1ve char9e5 
0f the 18A m0de1 n tw0 d1fferent ma55 re910n5. 7he data are 
p10tted a9a1n5t the rat10 0f neutr0n t0 pr0t0n va1ence 6050n 
num6er5. 
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rat10 Nv/N~ 15 065erved. 7h15 dependence 15we11 de- 
5cr16ed 6y the f0rmu1a e,~/% = 0.5 + 0.041N~/N~ (fu11 
f1ne 1n the upper part 0f f19. 1 ). 1n the Nd-5m-6d  
re910n the dependence 0n the 6050n num6er at10 15 
1e55 ev1dent. W1th1n the err0r5 we can a55ume ,/ 
%=0.86. F0r 50me 0f the5e 1atter nuc1e1, the accu- 
racy 0fthe meth0d 151e55 at15fact0ry. 1t mu5t 6e n0ted 
1n fact that, when N~ = N~, the e45. ( 1 ) and (2) can- 
n0t 6e u5ed and that they have a p00r accuracy when 
1N,.-N~[ 6ec0me5 ma11. F0r th15 rea50n 94M0, ~6°6d 
and ~<~J~4Dy data were n0t c0n51dered 1n th15 f1r5t 
part 0fthe ana1y515. 
7he rat105 0 eva1uated are 1n 900d a9reement w1th 
th05e e5t1mated 6y Raman et a1. [23 ]. 7he5e auth0r5 
have 065erved that the exper1menta1 8(E2) va1ue5 
are 5at15fact0r11y repr0duced, 6y d1fferent 18A and 
5he11 m0de1 ca1cu1at10n5, a 5um1n9 an effect1ve char9e 
rat10 0f 0.60 f0r (28<2<50,  50<N<82)  and 0f 
0.80-0.82 f0r (50<2<82,  82<N< 126). 7he5e nu- 
c1ear e910n5 1nc1ude th05e here c0n51dered. 
An a1ternat1ve pr0cedure, where app11ca61e, 15 t0 
a55ume a91ven 5ymmetry f0r 50me nuc1e1 and t0 u5e 
the e45. ( 1 ) t0 determ1ne 60th er, and eN. C0n51der1n9 
f0r 1n5tance the Cd 150t0pe5 a5 v16rat10na1 nuc1e1 and 
a55um1n9 there16re/~(N~, ) = ( 5/Nu ) J/2 we have a5 av- 
era9e va1ue5 %=21-N,, /N~ and e,=11.2 1n efm 2 
un1t5. 7he5e va1ue5 are c0n515tent w1th the a60ve 
char9e rat105. W1th the5e char9e5 and u51n9 a9a1n the 
e45. ( 1 ) 1t 15 p055161e t0 deduce the "exper1menta1•• 
f(N~,) va1ue5, 1t 15 c1ear (5ee f19. 2) that a150 the M0, 
Ru and Pd 150t0pe5 f0110w rea50na61y we11 thef (N u) 
dependence pred1cted 1n the U(5) ca5e. 7he Pd 150- 
t0pe5 d15p1ay a 5119ht1y e55 teep N6 dependence. 7he 
d15a9reement w1th the U(5) ru1e 15, h0wever, 1e55 
pr0n0unced than that f0und 6y 61n0cch10 and van 
15aker [22], wh0 u5ed the M,, va1ue5 06ta1ned fr0m 
p10n 5catter1n9 [24], wh1ch are 1ar9er than th05e e5- 
t1mated fr0m [em, p] data. 7h15 d1fference c0u1d 6e 
due 10 a m0re pr0n0unced 5en51t1v1ty 0f p10n5 10 a 
neutr0n r1ch nuc1ear 5urface. 
1n the h19her ma55 re910n we have a55umed a 5U (3) 
5ymmetry f0r ~5°Nd, ~52"1545m and J>4"1-%~J556d. Fr0m 
the5e nuC1e1 we 06ta1n e0=14.5--2.7N,,~ and 
e, = 12.5 - 2.3N,/N~. 7he ••exper1menta1••j•(N6 ) va1- 
ue5 are 5h0wn 1n the 10wer par1 0f f19. 2. A150 a(m6d 
and ~< ~"4Dy are we11 de5cr16ed w1th an f(N6) va1ue 
appr0Pr1ated t0 r0tat10na1 nuc1e1. 7he va1ue5 f0r 
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F19. 2. Exper1menta1 and the0ret1ca1 va1ue5 0f1he funcd0nf(,%), 
wh1ch depend5 0n the 5ymmetry 0fthe nuc1eu5 c0n51dered. Nt, 15 
the t0ta1 num6er 0f va1ence 6050n5. 
curve a5 5u99e5ted 6y the 1eve1 5pectrum 0f the 5ame 
nuc1e1. ~4(~Nd and ~5°5m d0 n0t have a def1ned 5ym- 
metry, wherea5 J42Nd, and J445m, Wh1Ch are C105ed 
5he11 nUC1e1 (N=82),  d15p1ay Very 5ma11f(N6) va1- 
ue5. ~4~Nd re4u1re5 a va1ue near t0 the 0(6)  11m1t. A
rather c1ear 1nd1cat10n 0f the 5ymmetry 15 theref0re 
06ta1ned f0r a11 the nuc1e1 c0n51dered, w1th the ex- 
cept10n 0f t42"~4(~Nd and 144"1505m. Where f(N~,) 15 
kn0wn the M,,(,,~ va1ue5 have 6een ca1cu1ated u51n9 
the a60ve effect1ve char9e5. 7he re5u111n9 va1ue5 are 
91ven 6y the th1rd num6er5 1n c01umn5 3 and 6 0f 
ta61e 1.7hey are 1n a9reement w1th1n the err0r5 w1th 
the exper1menta1 va1ue5 0f M0 and repr0duce, w1th 
an avera9e accuracy 0f the 0rder 0f the 4%. the Mp 
va1ue5. 
We can draw the f0110w1n9 c0nc1u510n5.7he 6050n 
effect1ve char9e5 have 6een determ1ned 1n the 10wer 
part 0f the neutr0n 56e115 (50<N<82)  and 
(82 <N< 126). 1n the f1r5t he e,,/e 0 rat10 5h0w5 ev1- 
dence 0fa m0n0t0n1c 1ncrea5e w1th A~,/N~. 7he max- 
1mum va1ue 15 reached 1n the ca5e 0f ~ HCd, wh1ch 11e5 
1n the m1dd1e 0f the 5he11. F0r Pd 150t0pe5 the e5t1- 
mated va1ue5 are 6etween 0.57 and 0.63, 1n 900d 
a9reement w1th a 0.6 4u0ted 1n ref. [23], 6ut 1ar9er 
than the 0.43 e5t1mated 6y 5aha et a1. [24]. 1n the 
5ec0nd 5he11 e, 15 0f the 5ame 0rder 0f e v, 1n a9ree- 
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ment  w1th the re5u1t5 0fref5.  [4,23 ]. 7he  5tren9th f0r 
the exc1tat10n 0f  2+ 5tate5 15 91ven 6y 
M(E2  ) = (e , , -  %) ( 5 N , .N JN ,  )1/2 1n the ca5e 0f  U ( 5 ) 
nuc1e1 and 6y M(E2)  = (e,,-ep) [3N,,N~(N.- 1 ) ]~/2/ 
[ (2N6-  1)N6]~/2 f0r 5U(3)  nuc1e1 [28] .  7he5e f0r- 
mu1a5 and  the a60ve effect1ve char9e5 91ve, f0r 1n- 
5tance, 5tren9th5 0f  17 and 6 e fm 2 f0r ~°Pd and  t~2Cd 
re5pect1ve1y, 1n rea50na61e a9reemen1 w1th th05e 
f0und 1n the exper1ment  [7] .  1n the 5ec0nd 5he1f 0ne 
06ta1n5 5tren9th5 0f  2 -3  e fm 2. 7he  re5u1t1n9 cr055 
5ect10n5 f0r the exc1tat10n 0f  2,~ 5tate5 are 0f  the 0r- 
der  0f  10 -4 0 f th05e  f0r the exc1tat10n 0 f the  2 ~ 5tate, 
c0ntrar11y t0 a 10 --~ pred1cted f0r nuc1e1 0f  the f1r5t 
5he11. 5uch 5ma11 cr055 5ect10n5 and  the h19h 1eve1 
den51t1e5 0f,4 ~- 150 nuc1e1 can exp1a1n the d1ff1cu1t1e5 
f0und 1n detect1n9 any 2 + F (7) -vect0r  5tate 1n 1ne- 
1a511c 5catter1n9 exper1ment5. 
7he  w0rk wa5 per f0rmed 1n part  under  the pr0- 
9ram 0f the  5t1cht1n9 v00r  Fundamentee1 0nder20ek  
der  Mater1e (F0M)  w1th f1nanc1a1 5upp0rt  0 f  the 
Neder1and5e 0r9an15at1e v00r  Weten5chappe11jk 
0nder20ek .  
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